Analytical calculation of heavy baryon correlators
in NL O of perturbative QCD
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Abstract.

We present analytical results for the correlator of baryonic currents at the three-loop level with one finite

mass quark. We obtain the massless and the HQET limits as particular cases from the general formula. Calculations have
been performed with an extensive use of the symbolic manipulation programs MATHEMATICA and REDUCE.

Baryons form a rich family of particles which has been
experimentaly studied with highaccuray [1]. A theoret-
ical analyss of thes experimenthdata gives alot of in-
formation abou the structue of QCD ard the numerical
values of its parametersThe hypotheticilimit Ne — o
for the numberN; of colours which is a very powerful
tod for investigatirg the generd properties of gauge in-
teractiors was especialy successfufor baryors[2]. The
spectrum of baryons is contained in the correlator of two

baryonic currents and the spectral density associated with

it. To leading order the correlator is given by a product of
N fermionic propagators. The diagrams of this topology
haverecenty been studiad indetal [3, 4, 5, 6, 7, 8]. They

are rathe frequenty useal in phenomenologidaapplica-
tions[9]. With the advert of new acceleratand detec-
tors many properties of baryors containirg aheavy quark
have been experimentaly measurd in recen yeas [1].
However, theoretichcalculatiors beyond the leadirg or-

der have nat been dore for many interestirg casesin this
note wefill up this gap.

We repot on the resuls of calculatirg the as correc-
tions to the correlata of two baryont currens with one
finite mas quak and two massles quarks We give an-
alyticd resuls ard discus the magnituek of the as cor-

Here we show results for the functidig(g?) and com-
pare it withMm(g?) [12]. The dispersim relation reads

1 > p#(s)ds

2
n#(q ): 1287 @ S— qz

@)

where p#(s) = p%™M(s) are the spectral densities. The
spectral density is the real object of interest for phe-
nomenological applications,

p(s) = sz{p’iﬁ <1+ G—Tfln <“§>) + %p’i} NG

Herepis the renormalization scale parameteis a pole
mas of the heavy quak (see e.g Ref [13]) ard as =
Os(). Theleadirg orde two-loop contribution is shown

in Fig. 1(a) This topology coincides with water melon
diagransfor which agenerdmethal of calculation (with

arbitrayy masseghas recenty been developel [ 5, 6, 7].
The leading order results read

pd = 1-2z+22-317-37ZInz, (5)
Pl = 1492-972-Z+621+2)Inz  (6)
with z= m?/s. The next-to-leading order contribution is

given by three-loop diagrams with one external momen-

rections. The massless and HQET limits are obtained astUM- For an arbitrary mass arrangement such diagrams
special cases. Note that the massless case has been knowffivé not yet been calculated analytically. However, if we

since long ago [10]. The meson¢ analoge of our bary-
onic calculation was completel sorre time ago [11] and
has subsequently provided a rich source of inspiration for
many applications in meson physics.

A generic baryonic current has the form

j = €% (uj Cdp) MW (1)

wherel is the Dirac matrix, in the following = 1.
The correlator of two baryonic currents is expanded as

| [(Ti007(0)e%dx =y Mg(@?) + m(@?). (2)

take the case of one massive line, the result wiliB-
scheme can be obtained analytically and reads

q _ 71 _ 565 7 625 109
Pl = G- w22+ %7 -7

— (21574 1A _BA)In(1-2)
+(3-Yz-112+ 132 - 27 Inz
+(1-82+82-12)In(1-2)Inz
—27(9+ 42— 12) (3In?2-7(2))
+(3-%z-1872+ 87 - 12 Liz(2)

—127 (Liz(2) - {(3) - 3Li2(2)In(2))  (7)
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FIGURE 1. The calculated (a) two-loop and (b—e) three-loop topologies

The contributing three-loop diagrams are shown in Figs. For the momentum pagd(s) we retain theO(m?) cor-
1(b) to (e). They have been evaluated using advancedrection. The relation between the pole massind the
algebraic methods for multi-loop calculations along the MS massmys(1) we have used reads

linesdecribelin Refs [6, 11]. Thisresut shoutl be com-

pared o m = My (W) 1+ n( ¥ ‘2 (13)
Pl = 9+ 8857 6852 g7 ~ st mw)"3)f
— (B +422— 422 - 87 In(1-2) In the near-threshold limi — 0 with s = (m+ E)?
(2+ 154, %222_ 5_9823) Inz one explicitly obtains
+4(3+32-37-17)In(1-2)Inz m 16E5{ <“2>
Pth (M E 1+—| (14)

+122(2+ 3z+37) (3In°2—-¢(2) w(mE) = g m?
+4(5+122+32 - 32°) Li2(2) s <54+ﬁ+4| m )}+0(E6>
+242(1+ 2) (Lis(2) —{(3) — 3Li2(2)Inz) . (8) m\5 9 (2E> 2

Our method of integration is a completely algebraic one We have shown the coincidence with the result of the ex-
and therefore symbolic manipulation programs can be plicit HQET calculation,

used for performing the long calculations. Two indepen-

dent calculations of some steps were done using MATH- mpfh (M, E) = C(m/1, 0s)*proer(E. 1) (15)
EMATICA and REDUCE, the latter being rather actively

used for high enagy calculatiors (see e.g Ref. [14]). wherepuger(E, ) andC(m/p, as) with

Theresults given in Egs. (7) and (8) represent the full 16E5 182 42 u
next-to-leadirg order solution Since the anomalos di- Proer(E, 1) = 5 { — <E + 9 +4In E) }
mensia of the currertin Eq. (1) isknown up to two-loop
orde [15], theresuls shownin Egs (7) ard (8) complete C(m/was) = 1+ ds < In <mz> 2) (16)
the ingredients necessary for an analysis of the correlator n W2 3

in Eq. (2) within operate produd expansia at the next-
to-leading order level.

Two limiting cases of general interest are the near-
threshold and the high energy asymptotics. With our re-
sult given in Eq. (7) both limits can be taken explicitly.

In the massless limit — 0 the corrections read

are taken from Refs [16, 17], respedtvely. Note tha the
higher order corrections iE/mto Eq. (14) can easily be
obtained from the explicit result given in Eq. (7).

Of interest is whether the two limiting expressions (the
massless limit expression as given in Eqg. (11) and the
HQET limit expression in Egs. (14) and (15)) can be used

pg = 48 + linz—4 z— 6zlnz+..., (9) to characterise the full function for all energies.
T = 9+83z—4rr22+2Inz+502Inz+.... (10) For Fhls dlscussmnlwe'compgre components of .the
baryonic spectral function in leading and next-to-leading
Therefore we obtain order. In Fig. 2 and 3 we show the ratgg(s)/p}(s)
2 s P2 71 for #= mand #= q, respectively. In the following we
=2 T = 12 shall always use the specific renormalization scale value
p%(s) 1+—{In + hall al h ifi lizati le val

5 i = mif it is not written explicitly. One can see that a
—2m2<(W)s {1+ = <3In (“ ) + _9>} (11) simple interpolation between the two limits can give a
MS 2 ’ . . .
rather good approximation for the next-to-leading order
correction in the complete region ef We therefore con-

L 1
mp™(s) = mm(p)sz {1+ T (Zln < ) + 3) } (12) clude that in going even one order higher it is very likely
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FIGURE 2. Theratio p{'/pg' in dependence of s
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FIGURE 3. Theratio p{/pg in dependence of s

that the full four-loop spectral density can be well ap-
proximated by the corresponding massless four-loop re-
sult which can be cal culated using existing computational
algorithms[18, 19].
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